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(57) ABSTRACT

Disclosed is an additive for a non-aqueous electrolyte, which
is a compound having a double bond and at least two cyano
groups, the two cyano groups being in a trans-formation to the
double bond. Also, a non-aqueous electrolyte comprising the
additive and an electrochemical device comprising the non-
aqueous electrolyte are also disclosed. Further, an electrode
comprising the cyano group-containing compound and an
electrochemical device comprising the electrode are dis-
closed.

3 Claims, 2 Drawing Sheets
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1
ADDITIVE HAVING CYANO GROUP FOR
NON-AQUEOUS ELECTROLYTE AND
ELECTROCHEMICAL DEVICE USING THE
SAME

This application claims the benefit of the filing date of
Korean Patent Application No. 10-2006-0063864, filed on
Jul. 7, 2006, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to an additive for a non-
aqueous electrolyte which has a low reduction potential and
high oxidation stability, a non-aqueous electrolyte compris-
ing the same additive to improve the overall quality of an
electrochemical device, and an electrochemical device com-
prising the same non-aqueous electrolyte.

(b) Description of the Related Art

Recently, as electronic appliances have been downsized
and lightened, it has been required to downsize and lighten
batteries serving as power sources for the electronic appli-
ances. As a compact, low-weight and high-capacity recharge-
able battery, a lithium secondary battery has been commer-
cialized and used widely in portable electronic and
communication instruments, such as compact video cameras,
portable phones, notebook computers, etc.

A lithium secondary battery comprises a cathode, an anode
and an electrolyte. Upon the first charge cycle, lithium ions
deintercalated from a cathode active material are intercalated
into an anode active material, such as carbon particles, and
then are deintercalated again upon discharge. In this way, the
battery is rechargeable since the lithium ions serve to transfer
energy while reciprocating between both electrodes.

However, as the battery repeats charge/discharge cycles,
the cathode active material undergoes a structural collapse,
resulting in degradation of the quality of the cathode. Addi-
tionally, metal ions dissolved out from the cathode surface
upon the structural collapse of the cathode cause electrodepo-
sition onto the anode, resulting in deterioration of the anode.
Such degradation of the quality of the battery tends to be
accelerated when the cathode potential increases or the bat-
tery is exposed to a high temperature.

To solve the above-mentioned problems, a method for add-
ing a material that forms a coating layer on a cathode to
protect the cathode to an electrolyte has been suggested
(Electrochemical and Solid-State Letters, 7, A462~465
(2004)). Additionally, it has been suggested that an iodine or
bromine compound that forms a complex with a metal ion is
used as an additive for preventing deterioration of an anode
caused by metal ions dissolved out from the surface of a
cathode (Journal of Power Sources, 119-121, 378~382
(2003)).

SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of
the above-mentioned problems. The inventors of the present
invention have found that when a compound having at least
two cyano groups and a double bond in its structure, the cyano
groups being in a transformation to the double bond, is used
for forming an electrolyte, it is possible to significantly
improve the lifespan of an electrochemical device as com-
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2

pared to a similar compound having no double bond or having
a double bond and cyano groups in a cis-formation to the
double bond.

Therefore, it is an object of the present invention to provide
an additive for a non-aqueous electrolyte showing the above
characteristics and a non-aqueous electrolyte comprising the
additive.

It is another object of the present invention to provide an
electrochemical device using the above non-aqueous electro-
lyte and having improved quality.

In order to achieve the above-mentioned object, there is
provided an additive for a non-aqueous electrolyte, which is a
compound represented by the following Formula 1 and hav-
ing a double bond and at least two cyano groups, wherein the
two cyano groups are in a trans-formation to the double bond:

. . [Formula 1]
NC—R)y R

2 3
R R33—CN

wherein each of R' and R® independently represents a
C,~C,, alkylene, a C,~C,, haloalkylene, a C,~C,, alk-
enylene, a C,~C,, alkynylene, a C~C,; benzylene or a
C,~C, ¢ halobenzylene;

each of R? and R* independently represents a hydrogen
atom, a C,~C,, alkyl, a C,~C,, haloalkyl, a C,~C,, alkenyl,
aC,~C,, alkoxy, a C;~C,garyl,aC;~C,  haloaryl,aC~C
benzyl, a C,~C, halobenzyl, a halogen atom or a cyano
group (—CN); and

each of m and n independently represents O or 1.

Also, the present invention provides a non-aqueous elec-
trolyte comprising: an electrolyte salt; an organic solvent; and
an additive for a non-aqueous electrolyte, wherein the addi-
tive is a compound represented by the above Formula 1 and
having a double bond and at least two cyano groups, the cyano
groups being in a transformation to the double bond.

Further, the present invention provides an electrode com-
prising a compound represented by the above Formula 1 and
having a double bond and at least two cyano groups, the cyano
groups being in a transformation to the double bond, wherein
the compound represented by Formula 1 is coated onto a
surface of the electrode or forms a complex with the electrode
active material.

Further, the present invention provides an electrochemical
device comprising a cathode, an anode and a non-aqueous
electrolyte, wherein the non-aqueous electrolyte is the non-
aqueous electrolyte according to the present invention.

Further, the present invention provides an electrochemical
device comprising a cathode, an anode and a non-aqueous
electrolyte, wherein either or both of the cathode and the
anode are the electrode according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of'the present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a graph showing the results of linear sweep
voltammetry of the electrolytes prepared from Example 1 and
Comparative Examples 1~4;

FIG. 2 is a structural view showing the single crystal
formed between 1,4-dicyano-2-butene contained in the elec-
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trolyte prepared according to Example 1 and Co ions, as
measured by X-ray analysis; and

FIG. 3 is a graph showing the results obtained after charg-
ing/discharging the batteries manufactured according to
Example 1 and Comparative Examples 1~4.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be explained inmore
detail.

According to the present invention, it is demonstrated that
compounds having at least two cyano groups provide differ-
ent effects, such as effects of imparting heat resistance to
batteries, depending on stereochemical transformations of
the cyano groups, when they are used for forming an electro-
lyte for an electrochemical device. Based on this, the present
invention provides an additive for a non-aqueous electrolyte
that realizes optimum quality of a battery. Thus, the electro-
chemical device according to the present invention shows
improved overall quality, including improved room-tempera-
ture and high-temperature cycle characteristics.

In general, in the case of a lithium secondary battery as an
electrochemical device, a kind of passivation layer is formed
on the cathode of the battery, particularly at a site where
surface bonding exists or at an activation site, via electro-
chemical oxidative decomposition of the electrolyte used in
the battery. The above passivation layer increases impedance
to co-intercalation of lithium ions into the cathode active
material. Additionally, during repeated charge/discharge
cycles, the cathode active material, such as LiCoO,, LiMn,O,
or LiNiO,, undergoes a structural collapse or the electrolyte
causes a chemical dissolution reaction, resulting in dissolu-
tion of Co, Mn and Ni ions. Such reactions inevitably result in
degradation of the cathode itself. At the same time, the metal
ions cause electrodeposition on the surface of the anode. Such
metals deposited on the anode via electrodeposition generally
show a high reactivity to the electrolyte. Therefore, the
amount of reversible lithium decreases and irreversible reac-
tions increase during repeated charge/discharge cycles,
resulting in degradation of the capacity and lifespan of the
battery.

The inventors of the present invention have found that a
compound containing two cyano groups present in a trans-
formation to a double bond has a significantly greater ten-
dency to form a complex with metal ions, such as Co, Mn or
Ni, as compared to the compounds other than the above
compound. Therefore, the additive for a non-aqueous elec-
trolyte having two cyano groups present in a trans-formation
to the double bond can be adsorbed onto the bonding site or
activation site of the surface of the cathode in the electro-
chemical device, such as a battery, using the same additive to
inhibit oxidative decomposition of the non-aqueous electro-
lyte, or to form a complex with metal ions dissolved out from
the cathode, thereby preventing the metal ions from being
electrodeposited on the anode.

The non-aqueous electrolyte according to the present
invention comprises: an electrolyte salt; an organic solvent;
and an additive for a non-aqueous electrolyte, wherein the
additive is the additive according to the present invention.

Particularly, the additive is a compound represented by the
above Formula 1 and having a double bond and at least two
cyano groups, the cyano groups being in a trans-formation to
the double bond. Non-limiting examples of the compound
include 1,4-dicyanobutene, 1,6-dicyanohexene, 1,5-dicyano-
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hexene, 1,4-dicyano-1,4-diphenylbutene, 1,4-dicyano-1,4-
difluorobutene, 1,4-dicyano-2,3-dimethylbutene, 1,1,4,4-tet-
racyanobutene, or the like.

The additive is used in the non-aqueous electrolyte in a
controlled amount to improve the overall quality of an elec-
trochemical device. Preferably, the additive may be used in an
amount 0of0.01~10wt % in the non-aqueous electrolyte. If the
additive is used in an amount of less than 0.01 wt %, it is not
possible to sufficiently improve the cycle characteristics of a
battery. If the additive is used in an amount of greater than 10
wt %, a surplus amount of additive may cause side reactions,
and thus may cause a drop in the capacity of the battery, an
increase in the viscosity of the electrolyte and a drop in the ion
conductivity of the electrolyte, resulting in degradation of the
overall quality of the battery.

There is no particular limitation in the electrolyte salt, as
long as the electrolyte salt is one currently used for a conven-
tional non-aqueous electrolyte.

The electrolyte salt may be formed of a combination of, but
is not limited to: (i) a cation selected from the group consist-
ing of Li*, Na* and K*; and (ii) an anion selected from the
group consisting of PF,~, BF,~, CI7, Br—, I, ClO,~, AsF,,
CH,CO,", CF,S0,7, N(CF;S80,),™ and C(CF,S0,),". Such
electrolyte salts may be used alone or in combination. Par-
ticularly, a lithium salt is preferred.

There is no particular limitation in the organic solvent, as
long as the solvent is one currently used for a non-aqueous
electrolyte. Particular examples of the organic solvent include
cyclic carbonates, linear carbonates, lactones, ethers, esters,
sulfoxides, acetonitriles, lactams and/or ketones.

Particular examples of the cyclic carbonates include ethyl-
ene carbonate (EC), propylene carbonate (PC), butylene car-
bonate (BC), pentylene carbonate, fluoroethylene carbonate
(FEQC), or the like. Particular examples of the linear carbon-
ates include diethyl carbonate (DEC), dimethyl carbonate
(DMCQ), dipropyl carbonate (DPC), dibutyl carbonate, ethyl
methyl carbonate (EMC), methyl propyl carbonate (MPC),
methyl isopropyl carbonate, methyl butyl carbonate, ethyl
propyl carbonate, or the like. Particular examples of the lac-
tones include gamma-butyrolactone (GBL) and those of
ethers include dibutyl ether, tetrahydrofuran, 2-methyltet-
rahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, 1,2-di-
ethoxyethane, or the like. Particular examples of the esters
include methyl formate, ethyl formate, propyl formate,
methyl acetate, ethyl acetate, propyl acetate, methyl propi-
onate, ethyl propionate, butyl propionate, methyl pivalate, or
the like. Additionally, particular examples of the sulfoxides
include dimethyl sulfoxide, or the like, and those of the lac-
tams include N-methyl pyrrolidone (NMP), or the like. Fur-
ther, particular examples of the ketones include polymeth-
ylvinyl ketone. Halogen derivatives of the above organic
solvents may also be used. Such organic solvents may be used
alone or in combination.

In addition, the present invention provides an electrode
comprising a compound represented by the above Formula 1
and having a double bond and at least two cyano groups, the
cyano groups being in a transformation to the double bond,
wherein the compound represented by Formula 1 is coated
onto the surface of the electrode or forms a complex with the
electrode active material.

The electrode according to the present invention may be
obtained by applying a solution containing the compound
represented by the above Formula 1 onto an electrode. Pref-
erably, the solution containing the compound represented by
Formula 1 is the non-aqueous electrolyte according to the
present invention. Additionally, the electrode may be coated
directly with the solution containing the compound repre-



US 9,287,583 B2

5

sented by Formula 1, or may be coated by allowing the non-
aqueous electrolyte to be in contact with the electrode in the
electrochemical device comprising the same electrode and
non-aqueous electrolyte.

In addition to the above, the present invention provides an
electrochemical device comprising a cathode, an anode and a
non-aqueous electrolyte, wherein the electrolyte is the non-
aqueous electrolyte according to the present invention.

Further, the present invention provides an electrochemical
device comprising a cathode, an anode and a non-aqueous
electrolyte, wherein the cathode and/or the anode are the
electrode according to the present invention. Herein, the elec-
trolyte may be the non-aqueous electrolyte according to the
present invention.

Such electrochemical devices include any devices in which
electrochemical reactions occur, and particular examples
thereof include all kinds of primary batteries, secondary bat-
teries, fuel cells, solar cells or capacitors. Preferably, the
electrochemical device is a secondary battery. A lithium sec-
ondary battery including a lithium metal secondary battery,
lithium ion secondary battery, lithium polymer secondary
battery or lithium ion polymer secondary battery is more
preferred.

The electrochemical device may be manufactured via a
conventional method known to one skilled in the art. In one
embodiment of the method for manufacturing the electro-
chemical device, an electrode assembly having a cathode, an
anode and a separator interposed between both electrodes is
formed, and then the non-aqueous electrolyte according to the
present invention is injected into the electrode assembly.

The electrode used in the electrochemical device may be
manufactured by a conventional method known to one skilled
in the art. For example, an electrode active material may be
mixed with a solvent, and optionally with a binder, a conduc-
tive agent and a dispersant, and the mixture is agitated to
provide slurry. Then, the slurry is applied onto a metal col-
lector, and the collector coated with the slurry is compressed
and dried to provide an electrode.

The electrode active material includes a cathode active
material or an anode active material.

Cathode active materials that may be used in the present
invention include: lithium transition metal composite oxides,
such as LiM, O, (M=Co, Ni, Mn, Co,Ni,Mn,) (e.g. lithium
manganese composite oxides such as LiMn,O,, lithium
nickel oxides such as LiNiO,, lithium cobalt oxides such as
LiCo0,, other oxides obtained by substituting manganese,
nickel and cobalt in the above oxides partially with other
transition metals, or lithium-containing vanadium oxide,
etc.); or calcogenides, such as manganese dioxide, titanium
disulfide, molybdenum disulfide, etc. However, the scope of
the present invention is not limited thereto.

Anode active materials that may be used in the present
invention include those currently used anodes for electro-
chemical devices. Particular examples of the anode active
materials include lithium metal, lithium alloys, carbon, petro-
leum coke, activated carbon, graphite or carbon fiber capable
of lithium ion intercalation/deintercalation. Other metal
oxides capable of lithium intercalation/deintercalation and
having a potential Vs. Li/Li* of less than 2V (for example,
TiO, or SnO,) may also be used. Particularly, carbonaceous
materials, such as graphite, carbon fiber or activated carbon
are preferred.

There is no particular limitation in the current collector, as
long as the collector is formed of a highly conductive metal,
allows easy attachment of slurry of an electrode active mate-
rial thereto, and has no reactivity in the drive voltage range of
the battery. Non-limiting examples of a cathode collector
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6

include foil formed of aluminum, nickel or a combination
thereof. Non-limiting examples of an anode collector include
foil formed of copper, gold, nickel, copper alloys or a com-
bination thereof.

The electrochemical device according to the present inven-
tion may comprise a separator. Although there is no particular
limitation in the separator that may be used in the present
invention, a porous separator is preferred, and particular
examples thereof include polypropylene-based, polyethyl-
ene-based, and polyolefin-based porous separators.

Further, although there is no particular limitation in the
outer shape of the electrochemical device according to the
present invention, the electrochemical device may have a
cylindrical shape using a can, a prismatic shape, a pouch-like
shape or a coin-like shape.

Reference will now be made in detail to the preferred
embodiments of the present invention. It is to be understood
that the following examples are illustrative only and the
present invention is not limited thereto.

Example 1

To an organic solvent containing ethylene carbonate (EC)
and ethyl methyl carbonate (EMC) in aratio of 1:2 (EC:EMC,
v/v), IM LiBF , was dissolved to provide a solution. Then, 2
wt % of Co(BF,), and 5 wt % of 1,4-dicyano-2-butene (For-
mula 2) were added to the solution to provide an electrolyte.

[Formula 2]

N N

As a cathode active material, [LiCoO, was used. Then,
PVDF as a binder and acetylene black as a conductive agent
were added to NMP (N-methyl 2-pyrrolidone) to provide
cathode slurry, which, in turn, was coated onto an aluminum
(Al) collector to provide a cathode.

As an anode active material, artificial graphite was used.
Then, PVDF as a binder and acetylene black as a conductive
agent were added to NMP (N-methyl 2-pyrrolidone) to pro-
vide anode slurry, which, in turn, was coated onto a copper
(Cu) collector to provide an anode.

A polyolefin-based separator was inserted between the
cathode and the anode to provide an electrode assembly, and
the above non-aqueous electrolyte was injected to the elec-
trode assembly to provide a coin type battery.

Comparative Example 1

A battery was provided in the same manner as described in
Example 1, except that the electrolyte used in this Example
was obtained by dissolving 1M LiBF,, into an organic solvent
containing ethylene carbonate (EC) and ethyl methyl carbon-
ate (EMC) in a ratio of 1:2 (EC:EMC, v/v).

Comparative Example 2

A battery was provided in the same manner as described in
Example 1, except that 1,4-dicyano-2-butene was not added
for preparing the electrolyte.
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Comparative Example 3

A battery was provided in the same manner as described in
Example 1, except that succinonitrile (Formula 3) was added
for preparing the electrolyte instead of 1,4-dicyano-2-butene.

[Formula 3]

CN
NC/\/

Comparative Example 4

A battery was provided in the same manner as described in
Example 1, except that 1,2-dicyano benzene (Formula 4) was
added for preparing the electrolyte instead of 1,4-dicyano-2-
butene.

[Formula 4]
NC

NC

Experimental Example 1
Co Ion Electrodeposition Test

Linear sweep voltammetry for the electrolytes prepared
from Example 1 and Comparative Examples 1~4 was per-
formed. The results are shown in FIG. 1.

A Pt disc type electrode was used as a working electrode,
and lithium metal and a Pt wire electrode were used as a
reference electrode and a supplementary electrode, respec-
tively. The scanning rate was set to 10 mV/s. The test was
performed in a glove box under argon atmosphere containing
10 ppm or less of moistures and oxygen.

As can be seen from FIG. 1, the electrolytes according to
Example 1 and Comparative Examples 2~4 containing
Co(BF,), provide a higher current as compared to the elec-
trolyte containing no additive according to Comparative
Example 1. It is thought that this results from Co metal
deposition caused by electrochemical reduction of Co ions.

Additionally, among the electrolytes according to Example
1 and Comparative Examples 2~4, the electrolyte containing
1,4-dicyano-2-butene according to Example 1 provides the
lowest current. It is thought that 1,4-dicyano-2-butene forms
a complex with Co ions to the highest degree so that the
concentration of free Co ions in the electrolyte is the lowest.

Experimental Example 2

X-Ray Structural Analysis for Complex Formation
and Single Crystal

After storing the electrolytes according to Example 1 and
Comparative Examples 1~4 at room temperature for 24
hours, only the electrolyte according to Example 1 showed
precipitation of crystals.

FIG. 2 shows the results of X-ray structural analysis for the
single crystal formed between 1,4-dicyano-2-butene and Co
ions. As can be seen from FIG. 2, two cyano groups of 1,4-
dicyano-2-butene are in a trans-formation in the Co complex
crystal. In other words, as compared to succinonitrile (Com-
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8

parative Example 3) having no double bond and containing
two cyano groups whose positions are variable and 1,2-dicy-
ano benzene (Comparative Example 4) containing two cyano
groups in a fixed cis-formation, 1,4-dicyano-2-butene con-
taining two cyano groups in a trans-formation forms a com-
plex with Co well.

Experimental Example 3

Hot Box Test

The batteries according to Example 1 and Comparative
Examples 1~4 were subjected to charge/discharge cycles at
60° C.under 0.5 C. The results are shown in FIG. 3.

As can be seen from FIG. 3, the battery according to
Example 1 shows the highest quality in the 60° C. charge/
discharge test. This indicates that Co complex formation abil-
ity of an electrolyte has a close interrelation with the quality
of the battery using the electrolyte.

INDUSTRIAL APPLICABILITY

As can be seen from the foregoing, the additive for a
non-aqueous electrolyte according to the present invention
can be adsorbed onto the bonding site or activation site of the
surface of the cathode in the electrochemical device using the
same additive to inhibit oxidative decomposition of the non-
aqueous electrolyte, or to form a complex with metal ions
dissolved out from the cathode, thereby preventing the metal
ions from being electrodeposited on the anode. Therefore, the
electrochemical device comprising the additive for a non-
aqueous electrolyte can provide improved overall quality,
including room-temperature and high-temperature cycle life
characteristics.

Although several preferred embodiments of the present
invention have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:

1. A non-aqueous electrolyte comprising:
an electrolyte salt;

an organic solvent; and

an additive for a non-aqueous electrolyte,

wherein the additive for a non-aqueous electrolyte is a
compound represented by the following Formula 1 and
having a double bond and at least two cyano groups,
wherein the two of the at least two cyano groups are in a
trans-formation to the double bond,

wherein the electrolyte salt is formed of a combination of
(1) a cation selected from the group consisting of Li*,
Na* and K*; and (ii) an anion selected from the group
consisting of PF,~, BF,”, CI", Br, I, ClIO,™, AsF,;
CH,CO,", CF,S0,7, N(CF;80,),™ and C(CF,S0,);7,

wherein the organic solvent is at least one solvent selected
from the group consisting of cyclic carbonates, linear
carbonates, lactones, ethers, esters, sulfoxides, acetoni-
triles, lactams, ketones and halogen derivatives thereof:
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. . [Formula 1]
NC—R)n R

2 3
R R}—CN

wherein the compound represented by the Formula 1 is
1,1,4,4-tetracyanobutene.

2. The non-aqueous electrolyte as claimed in claim 1, 10
wherein the additive is used in an amount of 0.01-10 wt % in
the non-aqueous electrolyte.

3. The non-aqueous electrolyte as claimed in claim 1,
wherein the anion is BF,~. s

#* #* #* #* #*



